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Engineering  and  the manner  in  which  engineers  think  is  largely  visual  and  functional,  and  yet  engineers
are  typically  provided  with  search  engines  that  are  text-based.  While  software  based  on a visual  and
functional  ethos  exist  (CAD  for  example),  when  searching  for information  engineers  are still  required  to
enter  a text  query  into  a search  box.  This  process  holds  potential  incompatibilities  both  with  the nature
of  the  data  (i.e. 3D models)  and  with  the way  in which  engineers  think  and work.  Consequentially,  the
proposition  tested  in  this  paper  is that  a model-based  approach  to information  access,  i.e.  a representation
of  an  organisations  information  around  a model  of an  artefact  i.e. CAD  model,  can  improve  engineering
information  retrieval.
In  an  A-B  test  with a traditional  text-based  search  engine,  and  using  study  questions  derived  from  real-
world  information  seeking  scenarios  based  on  the  activities  of  a  world-leading  aircraft  manufacturer,
the  results  presented  in  this  paper  suggest  that there  is merit  to such  an  approach.  Specifically,  this
paper  shows  that  there  is  no  significant  difference  in  time  to complete  a search  between  a model-based
and  text-based  interfaces  in  spite  of the  addition  of  a new  stage  in  the  search  process  (navigating  a  3D
model); that  the  system  structure  of  the  model-based  interface  allows  for  non-text  based  documents  to
be  indexed,  making  up  for  the  inherent  limitations  in  traditional  text-based  search;  and that  participants
enjoy  using  the  model-based  interface  and  find  it  intuitive,  easy  and  simple  to  use.  Further,  this  paper
also finds  that  those  with  more  experience/familiar  with  the product  structure  and  those  in managerial
positions  are  more  likely  to find  information  using  a  model-based  interface  that  those  who  are  not,  who
perform  better  using  a text-based  interface.
© 2020 Published  by  Elsevier  B.V.. Introduction
Knowledge, information, and data are widely considered to be
n organisation’s greatest asset and as such, the effective capture,
se and re-use of this asset is simply deemed as good practice [1].
he growth of knowledge management activities is one response
o this ethos [2], and includes activities, systems, and methodolo-
ies aimed at the capture, storage and dissemination of knowledge,
nformation, and data such that the members of an organisation are
s well informed as they can be [3–6].
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166-3615/© 2020 Published by Elsevier B.V.Information dissemination, the means of communicating an
organisations’ information to its personnel is central to an effec-
tive knowledge management strategy; if one cannot find and/or
access information then both the individual and the organisation
cannot benefit from it. A primary means of delivering this is through
Intranet or enterprise search engines [7]. Internet search engines
touch most our lives with the major search providers of Google and
Microsoft seemingly becoming the doorways into humanity’s data,
information, and knowledge. Within organisations however, enter-
prise search engines are often found lacking [8,9]. There is then a
disconnect between the advances of Internet search technology and
the knowledge management needs of organisations and this is par-
ticularly true for engineering organisations [10]. It is to this field
that this paper contributes.
While building a search engine is largely an effort in text/meta-
data analysis and indexing [11], another aspect to the system is the
user interface [12]. Engineers are said to think visually and func-
2  Comp
t
t
q
m
E
f
F
u
p
b
u
v
e
t
A
t
n
t
p
m
a
e
u
t
t
m
d
u
t
s
t
m
k
2
n
i
a
2
a
l
r
m
I
s
c
e
w
p
o
c
u
e
d D. Jones, C. Snider, J. Matthews et al. /
ionally [13] and yet they are largely provided with search engines
hat are text-based. Such systems require the user to enter a text
uery into a search box. A textual list is returned to the user who
ust then evaluate the list to determine the validity of each result.
xamples where search does not rely on this type of user inter-
ace include virtual map  applications such as Google Maps1 and
lickr.2 While these offer the option to enter text queries, both
se the context of the information in question (geography) to dis-
lay the results over a map. This provides the user with a context
eyond that provided by textual lists, against which they can eval-
ate results.
Engineering and the manner in which engineers think is largely
isual and functional and this can be seen in the means by which
ngineers communicate through boundary objects [14], including
echnical drawings, sketches, CAD and three-dimensional models.
s these forms of information and the manner in which an engineer
hinks is visual and functional, then it stands to reason that engi-
eering search may  benefit from a search engine that capitalises on
he types of representations used by engineers. It follows that the
roposition of this paper is that a model-based approach to infor-
ation access, i.e. a representation of an organisations information
round a model of an artefact that the engineer uses, can improve
ngineering information retrieval (see Fig. 1).
Given this proposition, the contribution of this paper is an eval-
ation of model-based information navigation against the more
raditional means of information search. The ultimate goal being
o determine whether such an approach to information retrieval
erits future research efforts and real-world implementations. To
etermine this, this paper presents a rigorous real-world A-B test
sing trainee engineers and a traditional text-based search sys-
em (A) and a model-based search system/information navigation
ystem (B). The paper begins with a summary of related litera-
ure followed by a discussion of the experimental platform and
ethodology. Results are then presented alongside a discussion of
ey findings and industrial implications.
. Background
A model-based approach to information retrieval transcends a
umber of interrelated fields such as information search, engineer-
ng information search, model-based approaches to engineering,
nd model-based information navigation.
.1. Information search
Whether Internet or Intranet the basic fundamentals of search
re similar and date back to finding information in library cata-
ogues [15]. The process of building a basic search engine is then
elatively straight forward [16]. Starting with a corpus of docu-
ents, a collection of technical reports or every website on the
nternet for example. The entire system operates by matching users’
earch queries to the words contained within the documents in the
orpus. At the point when a user enters a search query, the search
ngine does not trawl through every document in the corpus, that
ould be highly inefficient and take a long time. The corpus is pre-
rocessed, and stored as an index, with the inverted index being
ne of the most common and efficient types [16].
The easiest way to think of the inverted index is as two table
olumns, the first column being the dictionary,  and the second col-
mn  being the postings. The dictionary is formed of every word in
very document in the corpus, and the posting is the list of every
ocument containing that word. So when the user enters a search
1 maps.google.com. Last visited: 2019/08/15.
2 flickr.com/map. Last visited: 2019/08/15.uters in Industry 121 (2020) 103254
query, the search engine is merely scrolling though the first column
of the index, and returning the second column. This pre-processing
allows the big Internet search engines are able to return hundreds
of thousands of results, in fractions of a second.
While building a basic search engine is this simple, the chal-
lenges begin when one wants to build a really good search engine.
What happens if the user miss-spells the query, when the user
enters the query jaguar,  do they mean the animal or the car com-
pany (homonym problem)? when the user enters the query ‘air
plane’ but the corpus only uses the term ‘aeroplane’  (synonym prob-
lem)?, and are USA, U.S.A, and United States of America all the same
(abbreviation problem)? All this is before one considers the order in
which results are presented. Google’s dominance was  built on the
PageRank algorithm [17], an algorithm that ordered results based
on the number of links to each website.
Manning et al. [11] present solutions to these problems and
many more, however, the challenge of search is still an area of great
academic interest. Techniques of ontology [18] and semantic search
[19], personalised search [20], structured-document retrieval [21],
and graph-based search [22] are all examples of techniques aimed
at structuring collections of documents such that when a user
enters a query, the relevant documents are retrieved and returned.
As a research field then, information search through search engines
is one where the basics are well understood, however there are still
many challenges in implementing and improving performance.
2.2. Engineering information search
The concurrent nature with which engineering organisations
operate results in teams of specialist engineers dispersed both in
terms of geography and specialisms [23]. This approach to man-
agement impacts the types of information generated, the format
in which it is captured, the language used, and the domain spe-
cific terminology used, which ultimately results in collections of
documents that are difficult to disseminate. For example, an aero-
dynamics team are concerned with the external surface of an
aircraft wing while a structural engineer will be concerned with
the internal ribs, the electrical team will want to run cables down
the wing, the hydraulics team will want to run hydraulic pipes, and
so on and so on. Each of these teams considers the wing within
the context of their own  specific domains and yet the outputs from
each team can directly impact the other teams. The Airbus Group’s
response to these challenges places the three-dimensional model
at the heart of the project management process [24].
This is why  information dissemination is important, it is key
to enabling teams to work both independently in their own  spe-
cific domain (multidisciplinary), and together as the wider team
(interdisciplinary). While product life-cycle management systems
attempt to address this, organisations still rely on search engines,
which are often found lacking. Hawking [9] described the chal-
lenges of enterprise search in general, with Stocker et al. [10]
providing a more engineering specific review. In their study,
Stocker et al. introduced Microsoft SharePoint 2013 into two engi-
neering research and development departments (automotive and
rail) and found performance issues relating to: users, documents
and the search engine itself. Users were said to have had prob-
lems formulating queries and tagging documents with meta-data
when uploading them to the system. Documents were said to be
to inconsistent in content and structure. SharePoint itself was  said
to rank search results misleadingly, an example of this is ranking
by popularity – users search for the latest/current report however,
the previous quarters report will always rank higher by popular-
ity based on the length of time that the document has existed/the
number of times that it had been accessed.
Mukherjee et al. [8] explored the possible reasons behind the
difficulty in delivering enterprise search when compared to inter-
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et search. Many enterprise search systems are based on Internet
echnologies and processes, the Internet however, is constructed
uch that: (1) when someone creates a website, they do so want-
ng search engines to index their content and so make efforts to
nsure this is possible; (2) HTML, the language of the Internet, is
tructured such that website content is machine-readable and so
asy for search engines providers to catalogue.
Compare this to a finance team’s quarterly reports generated in
icrosoft Excel, a two-dimensional technical drawing created in
utoCAD, or some complex computational fluid dynamics analysis
f the structure of the wing which are designed with other, non-
earch related functionality in mind. So these file formats exist for
 purpose in their own rights, which do not in any way include
eing found on the Internet, and while meta-data is in theory a
ossible solution to this, it relies on every document creator in an
rganisation understanding what meta-data is and including it, and
o be fully up-to-date with all the domain specific terminology used
hroughout the entire organisation. In spite of this, it is Internet
echnology that many enterprise systems rely on.
There have been attempts to improve Intranet/enterprise
earch, the Airbus Wing In-Service team themselves being one
xample, through supporting the research and development of a
ustom context aware search engine called Daedalus [25]. The nov-
lty in Daedalus is in its use of ontological data structures to expand
nd reinforce search queries within an engineering domain and the
ierarchical structure of the aircraft. For example, documents relat-
ng to an aileron also relate to the wing as a whole, Daedalus is able
o capture and use this relationship to return more relevant results.
The context aware approach aims to overcome some of
he limitations of Intranet/enterprise search engines: a reliance
n a common lexicon and naming convention between teams,
epartments and individuals. This is achieved through a textual
epresentation of the physical structure of the product, however,
earch queries are still text-based. This text-based nature of tra-
itional search is counter to the manner in which research shows
ngineers communicate: they do so using visual representations
nd boundary objects [14], in line with the visual and functional
ature in which engineers think [13]. It is this disparity that is
xplored in this paper: does a visual representation of an engineer-
ng artefact, i.e. a model-based approach, aid information retrieval.
o called model-based approaches can be seen throughout engi-
eering and so, can it make a difference in search?
.3. Model-based approaches to engineering
Model-based approaches to engineering are not a new concept.
SO 16792:2015 includes the international standards for model-
ased definition, an approach to product data management where a
hree-dimensional model of the product is annotated with specific
ieces of information, within the CAD package. Examples of data
nclude: dimensions, tolerances, and general notes/design rationalen navigation user interface.
[26,27]. Engineers are able to access this data in an intuitive manner
– through a three-dimensional representation of the product.
The data contained within model-based definitions are short
snippets rather than complete documents such as technical reports.
Design rationale may, for example, be a few concise sentences
of text rather than the full requirements document produced in
conjunction with the customer. While the appropriateness of the
amount of data/information is dependent on the needs of the end
user, model-based definitions do not yet support the wider needs
of the whole organisation, i.e. those occasions where the user turns
to the Intranet/enterprise search engine. Document search via a
model-based user interface (or model-based information naviga-
tion) then provides both the means to perform document search
through the same intuitive means as model-based definitions.
2.4. Model-based information navigation
If a model-based approach in engineering involves the access
of information within a three-dimensional representation of the
product, information navigation is the process of navigating that
three-dimensional space to find that information. The Springer
Encyclopedia of Database Systems [28] defines the term infor-
mation navigation is a metaphor stemming from geographical
navigation with people accessing chunks of digital information in
a “goal-directed way”. Within a model-based approach to infor-
mation navigation, the three-dimensional representation of the
product components and systems/subsystems effectively chunk
information, the user then manipulates and moves within the that
three-dimensional virtual environment to find information. This is
in contrast to an information search, where users generate relevant
terms and use them to query a search index. The three-dimensional
model acts as a map  to guide users towards their information goal.
An early study into the feasibility of a model-based approach
to information retrieval [29] determined the web-based technol-
ogy, data structure, and appropriate visualisation techniques. At
the time referred to as artefact-based information navigation (see
Fig. 2), the approach built on research that visualised a corpus
documents in three-dimensional space as points-of-interest [30]
situated around a three-dimensional model of the product. A results
list was filtered based on the points-of-interest visible as the user
navigated the virtual environment. The paper found however that
the user interface became visually cluttered quickly and linking
documents at a component level was more appropriate. This led to
further work in the area of visually representing engineering infor-
mation in model-based virtual environments including the design
of a number of visual-information-objects [31]; effectively visual
markers used to identify the location of information (see Fig. 3).The positioning of information in the model-based virtual envi-
ronment raises further challenges of where do documents belong,
i.e. when a user clicks on the front left brake pad, what documents
are returned? While classical document indexing techniques (such
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Fig. 2. An early model-based informati
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s those applied in traditional search engines) can be applied, there
s also an opportunity to improve on these techniques through
ocument classification [32].
While there is work being published in relation to model-based
nformation navigation [29,31], it has not yet been determined
hether there is any merit in such an approach. This is addressed
n this paper, with a direct comparison between a model-based
pproach and a traditional text-based approach to information
etrieval and document search, the effect of a model-based
pproach is determined.
. Experimental platform
The experimental platform developed for this paper was  based
n the documents, files and participants from the IMechE For-
ula Student3 teams at the University of Bristol and the University
f Bath. From whom the documents used were obtained. These
nclude 504 Formula Student End of year reports from the Univer-
ity of Bristol and the University of Bath, Formula Student Guideline
ocuments issued by IMechE Formula Student Organisers, and a
mall number of digital textbooks. These were all documents cur-
ently being used by the Bristol and Bath Formula Student teams
nd were stored in pdf format. The three-dimensional CAD model
sed was obtained from the team at the University of Bristol. The
AD model was first converted to an STL (stereolithography file for-
at  describing the surface geometry of a three-dimensional object)
le before being compressed using OpenCTM4 into the CTM (Com-
3 https://www.imeche.org/events/formula-student. Last Visited: 2019-11-28.
4 http://openctm.sourceforge.net/. Last visited: 2019-11-28.on navigation system prototype.
pressed Triangle Mesh) file format, a compact binary format for
storing triangular meshes.
In terms of the technology used for both model-based and
text-based user interfaces, a HTML website hosted on an Apache
web-server running on Linux was  used. The index, images, doc-
uments and three-dimensional models were all stored on the
web-server and accessed using PHP. The three-dimensional visu-
alisations of the model-based interface were constructed on the
three.js library.5 Appendix A.1 shows how the text-based inter-
face appeared to the participants. Appendix A.2 shows how the
model-based interface appeared to the participants.
3.1. Text-based TF-IDF search engine
Term frequency–inverted document frequency (TF-IDF) is a cor-
pus linguistics technique for measuring the relative importance of
terms within a corpus (D) and is widely used in search engines [11]
and as such, forms the basis of this study. It is a combination of
two measures, the term frequency (tf) and the inverse document
frequency (idf). The term frequency is a count of the occurrence of
term t in document d (Eq. (1)). The inverse document frequency is
the natural log of the total number of documents (N) divided by the
number of documents containing the term t (Eq. (2)). The tf-idf is
the dot product of the two measures (Eq. (3)).
tf (t, d) = ft,d (1)
idf (t, D) = log( N| (d ∈ D : t ∈ d) | ) (2)
tf − idf (t, d, D) = tf (t, d) · idf (t, D) (3)
Ranking results by the tf-idf is a matter of extracting those doc-
uments containing the term(s) and comparing the term weights.
Those most similar to the query are ranked higher.
Fig. 4 shows the method used for constructing the TF-IDF search
engine and to align the implementation to the theory, (D) was the
504 Formula Student documents provided by the Formula Student
teams at the University of Bristol and the University of Bath. (d)
were the individual documents in the corpus (D). (t) were the indi-
vidual terms extracted from each of the documents (d) using the
technique of tokenisation [11]. The results of this processing was
then stored in an index, with terms (t) forming the dictionary, and
the list of paired ((d), (tf-idf)) for all documents containing the term
forming the posting. The index was  stored as a flat file on the server
and made accessible to the web  page via PHP calls.
3.2. Model-based information navigationCreating the model-based information navigation system com-
prised of two  parts: constructing the model-based index and
5 https://threejs.org/. Last visited: 2019-11-28.
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earch engine.
onstructing the user interface. Fig. 5 shows the process diagram for
reating the model-based index. The first stage involves extracting
he Formula Student racing car model from CAD in a low resolu-
ion STL file format. This was then converted to a light weight CTM
ormat for quicker loading. For each of these components, a search
as performed using terms relating to the component and the TF-
DF text-based index created in Section 3.1. For example, the term
brake pads’ was taken from the BOM and expanded to include the
upplier name and part number contained within the CAD file and
udget documents relating to the brake pads. The component and
etrieved files were then added to the model-based index along
ith the TF-IDF weights. Performing a search then involved linking
he user’s click on a particular component to the index entry for
hat component. This again relied on PHP server calls, returning a
et of result that can then be presented to the user in a textual list,
n a similar fashion to that of a traditional search engine.
The second part of constructing the model-based user inter-
ace focused on what the user would see, and how they would
nteract with the model-based environment on screen. There is a
ast amount of literature on best practices in developing graphical
ser interfaces, and three-dimensional virtual environments, from
estalt’s principles of figure/ground [33] that provide insights for
he layering of screen elements such that the user in not distracted,
o the use of colour to draw focus away and towards certain screen
lements [34]. The design of the model-based user interface was
ased on a thorough review of literature [35–39].
The model-based interface is a three-dimensional virtual envi-
onment and interacting with this involves three processes:
avigation, selection and manipulation, and system control [40,41].
avigation is how the user moves within the environment,
election and manipulation is how the user interacts with the envi-
onment (selecting objects for example), and system control is how
he user interacts with the wider system (help files, save buttons,Fig. 5. Methodology diagrams showing the process of constructing the model-based
search index.
etc.). For the purpose of this study, the major focus was on navi-
gation, and selection and manipulation with demonstrations and
study organisers on hand to provide help.
The Three.js software library provides an OrbitControls class
that allows the user to click and drag the environment and has
the effect of ‘spinning’ the object at the centre of the screen. Given
this in-built functionality, it was decided to allow the OrbitCon-
trols class to manage the user navigation. In terms of selection and
manipulation, in line with common practice [42], a point-and-click
approach was adopted to allow the users to use a mouse and click
on components to perform searches and retrieve documents. In
addition to this, the model-based user interface also includes the
ability to navigate the product structure (at a component and sys-
tem/subsystem level) using the BOM in the form of a textual list, a
heat-map that colours components based on the TF-IDF score for
a given text search query, document filter based on a text search
query, and an ‘onion peeling’ technique that allowed users to peel
back components in the X, Y, and Z planes, providing direct access
to the internal components within the model. See Appendix A.2.
4. Methodology
The purpose of this study is to investigate the potential of a
model-based approach to information retrieval. To achieve this,
the model-based approach is compared to a traditional text-based
search engine in an A-B test. That is, the study will centre around a
traditional text-based search engine with two user interfaces, one
traditional text box (A), and the other being a model-based interface
(B), with variables controlled such that the substantive difference
between A and B is the interface itself.
Prior to this A-B test though, it is it pertinent to understand the
information needs of engineers in more detail, such that the A-B test
is performed using real examples of real scenarios that engineers
6 D. Jones, C. Snider, J. Matthews et al. / Computers in Industry 121 (2020) 103254
Table 1
A summary of the engineering information seeking scenarios contained within 240
repair queries received by the Airbus Wing In-Service function during 2013.
ID Information seeking scenario Frequency
1 Analyse extend of damage 89
2  Evaluate proposed repair 117
3  Provide repair instructions 118
4  Approval for use of new material in repair 2
5  Order item 1
6  Provide technical drawing 1
7  Report manufacture issue 1
8  Approve repair 38
9  Instruct on inspection methods 1
10  Provide aerodynamics analysis 2
11  Provide information 9
12  Search for similar incident 1
13  Identify most common repair case locations over set
period of times
N/A
14  Identify most common repair case types over set N/A
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15 Identify new knowledge from a seemingly
unconnected past case
N/A
erform as part of their day-to-day. While the Formula Student
eams are engaged in real projects, with real deadlines, outcomes
nd design/manufacture activities, they are also however students
erforming some engineering activities for the first time and as
uch, there is a risk this has an effect on the nature of information
eeking scenarios when compared to a more real-world use-case.
o mitigate this, the first subsection of this methodology outlines
n approach to capture and understand the real-world engineering
cenarios as performed by engineers at the Airbus Wing In-Service
upport team at Filton in Bristol. This team represents experienced
ngineers engaged in industry based engineering activities, and as
uch their information seeking behaviours are indicative of real-
orld behaviour. The second subsection of the methodology then
utlines the A-B test.
.1. Capturing information seeking scenarios and formulating the
tudy questions
Given the real-world nature of the challenge of engineering
nformation retrieval, efforts were made to ensure that this study
as situated within a real-world context. These efforts began with
he understanding of the information seeking scenarios relating to
he Airbus Group’s Wing In-Service team based in Filton in Bristol.
he In-Service team are responsible for supporting repair and main-
enance requests from customer airlines. Every repair/maintenance
equest generates a PDF report that documents the process, from
he initial customer airline request, through to the final response.
he Wing In-Service team provided a corpus of 240 reports relat-
ng to the single-isle A320 range of aircraft from the year 2013 for
nalysis, and it is the analysis of the purpose of these reports that
orms the basis of the study questions with which the A-B test is
erformed.
A thematic analysis was performed on the corpus. The thematic
nalysis process as outlined by Braun and Clarke [43] and presented
y Maguire and Delahunt [44] provides a methodical and structured
pproach to extracting themes from unstructured literature. The
rocess involves six steps of analysis: become familiar with data;
enerate initial codes; search for themes; review themes; define
hemes; and write up; In the context of the work presented in this
aper, the themes consist of the reoccurring high-level informa-
ion seeking scenarios that Airbus engineers were asked to perform.
hese scenarios are shown in Table 1.
Fig. 6. Methodology diagram for capturing real-world engineering information
seeking scenarios and transferring them to relevant questions.
 Computers in Industry 121 (2020) 103254 7
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Table 3
A breakdown of the number of participants from each Formula Student team.
Organisation Number
UWE  14
Bath 6
T
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Once themes were formally identified, these were then aligned
ith the corpus used for the A-B test (the Formula Student reports)
nd nine pairs of study questions were formulated. Each pair
f study questions required the study participants to perform a
iscovered scenario. Study questions were formulated in pairs
uch that randomly, one of the pair would be asked on the text-
ased interface and the second of the pair would be asked on the
odel-based interface. Fig. 6 shows a methodology diagram for the
iscovery of engineering scenarios using a thematic analysis and
he formulation of the nine pairs of study questions.
.2. Information seeking scenarios and study questions
The engineering information seeking scenario(s) from each
eport were identified and extracted and are summarised in Table 1
ID 1–12). In addition to analysing reports, the information seeking
cenarios 13, 14, and 15 (Table 1) were derived from a semi-
tructured interviews held with the Wing In-Service team over the
ength of the study. These three study questions form knowledge
iscovery activities that are performed internally within the team,
.g. understanding the most frequent repair locations over a wing
13)/repair types (14) allows for a data driven resource allocation.
hile being able to apply repair knowledge contained within a
eemingly unconnected past case (15), reduces turn-around given
he repairs can be re-used rather than re-designed.
These 15 information seeking scenarios are then representative
f the real-world activities performed by engineers. Table 2 then
aps these scenarios to a list of 9 study questions (SQ) relating
o the Formula Student use-case, with the questions being written
y the authors such that each question required the participant to
erform one of the information seeking scenarios. It is this list of
uestions that forms the basis of the study that members of Formula
tudent teams were asked to complete. Questions are in pairs (a and
) allowing each question to be asked on either interface. Questions
umber SQ4 and SQ9 contain three versions (a, b, and c), in both
ases question c represents the version used in the first study with
he UWE  (University of the West of England) participants, the ques-
ions were replaced with the b version as participants appeared to
e struggling to find the required information within reports. How-
ver, post study analysis showed no significant difference between
he UWE  and other participants and so the results for all studies
ere combined.
able 2
 list of study questions (SQ) generated from engineering information seeking scenarios.
Question number Question 
1.a Can you find the document ‘2018 Supplementary Rules’ by the 
1.b  Can you find the textbook called ‘Advanced Brake Technology’ b
2.a  Do you think that past teams have completed sufficient researc
for  the current car without additional research?
2.b  Do you think that past teams have completed enough research 
be  re-used this year?
3.a  Name the area(s) of the car that have received the most compu
3.b  Name the area(s) of the car that have received the most finite e
4.a  Name a past supplier of sprocket carriers.
4.b Name a past supplier of electric motors. 
4.c  Name a past supplier of brake pads. 
5.a  Has anyone explored the use of additive manufacturing for the 
5.b  Has anyone explored the use of additive manufacturing for the 
6.a  Find a front wing general assembly drawing. Did the author inc
6.b  Find the main hoop technical drawing. Did the author include t
7.a  Find a report on active aerodynamics. What is the file called? 
7.b  Find a report on the use of analysis data to improve performanc
8.a  What area(s) of the car did [redacted] work on? 
8.b  What area(s) of the car did [redacted] work on? 
9.a  Who  would you contact for advice about carbon fibre wheel rim
9.b  Who  would you contact for advice about front inboard suspens
9.c  Who  would you contact for advice about rear outboard suspensBristol 19
Imperial 4
4.3. A-B study design
This section now outlines the methodology used to compare the
model-based and text-based interfaces, starting with the structure
of the study.
4.3.1. Study structure
In terms of the structure of the study, participants were first
given a 15–20 min  introduction to the study and the user interfaces,
this included an overview of all the measures being captured, the
purpose of the study, and a demonstration of both user interfaces.
They were then given access to the system and 15 min to famil-
iarise themselves with the operation of both interfaces. An hour
and a half was then provided to answer the 18 questions. The order
that the questions appeared was randomised for each participant
and the interfaces were alternated such that for every pair of ques-
tions, one question would be randomly answered on each interface.
The questionnaire was  given to participants at the beginning of the
study, participants were asked to complete the first section (demo-
graphics) at the beginning of the session, and the second section
(IBM Computer System Usability Questionnaire (CSUQ) [45]) at the
end of the session. See Fig. 7 for an overall structure.
4.3.2. Participants and locations
Formula Student teams from the University of Bristol, University
of Bath, University of West England and Imperial College London
participated in the study over four separate days. The size of the
groups ranged from Imperial College London with four participants
to the University of Bristol with 19 participants (see Table 3). Par-
ticipants had engineering experience ranging for nought to five
plus years and also performed a range of roles within their team,
ranging from first year undergraduate CAD engineers to final year
Masters level team leaders. A range of disciplines were also cov-
Information
seeking scenario
Institution of Mechanical Engineers? 1
y Bert Breuer and Uwe Dausend? 1
h into tyres such that suitable tyres could be specified 2, 8
into impact attenuators that a past year’s design could 2, 8
tational fluid dynamics analysis. 13
lement analysis. 13
5
5
5
tripod housing? 11, 4
upright manufacture? 11, 4
lude their name and if so, who  created the drawing? 6, 9, 3
heir name and if so, who  created the drawing? 6, 9, 3
10, 12
e. What is the file called? 10, 12
14
14
s? 15, 7
ion? 15, 7
ion? 15, 7
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red, ranging from aerospace engineers to electrical, mechanical
nd automotive engineers. These range of disciplines is compara-
le with those performed at the Airbus Wing In-Service team that
ere used to capture the information seeking scenarios used to
enerate the study questions.
Studies were held in general computer rooms at each teams’
espective institutions. The computers used either Microsoft Win-
ows 7 or Windows 10 and students were instructed to use
he Google Chrome Web-browser to access the study web-
ite.
.3.3. Experimental variables and performance measures
A model-based approach to document search is a research field
hat touches on a number of others, largely though, it is concerned
ith human-computer interaction, and information retrieval. In
erms of evaluation in these fields, there is a disparity between the
ore qualitative measures used in human-computer interaction
e.g. thinking aloud), and the quantitative measures of information
etrieval (e.g. f1-score). Fortunately, Catarci et al. [12] has presented
n overview of information retrieval from the human-computer
nteraction perspective and it is the findings of their work that is
sed as the basis of the evaluation methods applied here. In par-
icular and in line with Catarci et al. this paper adapts/uses: total
ime, activities performed,  success rate, number of reports accessed,
nd user feedback (comments). When combined, these measures
rovide a general overview as to what participants are doing
hen engaging with both text-based and model-based interfaces.
hile these measures capture participant behaviour, they do not
easure the effects of the system itself and the quality of the
ser interface, which can influence the former. Consequentially,
easures of system usability and interface quality [45] are also
aptured,
Table 4 lists the seven measures in more detail, including their
escription, the means of capture, and the detail of how the mea-
ures are used for evaluation. The first being the total time to
omplete each study question captured in the system logs. Thisg a model-based interface to a text-based interface.
allows for a direct comparison between the two  user interfaces
with a shortest time being preferable. Traditional searching is split
into two activities: time spent searching (formulating queries) and
time spent browsing (scrolling through and evaluating) results. The
model-based user interface adds an additional activity: navigating
the model (moving within the three-dimensional space). Analysing
the time spent searching and browsing should then provide some
insight into how the model-based interface changes the manner
in which participants engage with searching for information. Suc-
cess rate measures i.e. whether participants were able to find the
required information, and the number of reports accessed are taken
as a measure of effort involved in the search – with a fewer num-
ber of reports being deemed a lower effort and so preferred over a
higher number of reports. Finally, the questionnaire captures user
feedback (comments) and their opinions on both the usability of
the system and the interface quality. These allowed for qualita-
tive insights into the participants’ preferences for the model-based
interface over the text-based interface. A thematic analysis [44]
of feedback comments was performed to elicit common themes,
such as whether participants preferred one interface over the other.
The system usability and interface quality were explored using the
IBM Computer System Usability Questionnaire (CSUQ) [45] which
employs a Likert scale (0 to 7 with an n/a option) and provides
insight into whether elements of the system implementation had
any effect on the results, i.e. the system crashing.
Combining each of these measures can give a detailed picture
of the impact of a model-based approach on information retrieval
when compared to a more traditional text-based user interface.
This is however all dependent on controlling the independent vari-
ables. These are listed in Table 5 along with the steps taken to
mitigate their effect. The randomisation of the study question order
and the interface was used to mitigate the effect of learning, and any
unintentional bias in the study questions themselves. Maintaining
a single back-end limited the impact of technology and indexing
techniques as feasibly as possible, as did ensuring the participants
used the Chrome web  browser on a Windows 7 or Windows 10
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Table  4
The list of measures presented from the A-B study.
Measure Description Capture method Evaluation method
Total time (to complete
each question)
The task level measure of total time to
complete a question for both the
model-based and text-based interface.
Using system interaction logs and for each
question, the time taken was calculated
between the first mouse-move event and
the final mouse-over “End Button” event.
Outliers beyond two standard deviations
are removed. Shapiro-Wilks test used to
determine skewness of both the
model-based and text-based results and
these results then determined the
significance test method – a Paired T-Test
where both set of results are normally
distributed and a Wilcoxon Test when they
are not normally distributed.
Comparison of activity
(searching and browsing)
For both interfaces, this is a breakdown of
the percentage of time spent on
navigation, searching and browsing
activities during each task.
Using system logs, user interactions with
the system were classified into navigation,
searching, or browsing. With the time
calculated being the difference between
the start and end time of each activity.
A direct comparison of percentage of time
spent on each activity across all
participants. Can only be directly
comparable when there is no significant
difference between total time. Time spent
performing activities relating to the task or
those that could not be classified
(participant moves the mouse off-screen)
were ignored.
Answers retrieved (success
rate)
Whether the participant could find an
answer or not. No evaluation was made on
the validity of the answers themselves, the
rationale being that the participants are
the domain experts and as such could
judge themselves if an appropriate answer
could be found.
The system captured user answers to
questions. Participants were asked to
provide an answer or state whether they
could not find an answer. If an answer was
provided, it was deemed a successful
search i.e. there was no measure of the
validity of the answers, just whether the
participant felt they were able answer the
question.
A direct comparison of percentage answer
found/not found between each interface
and across all participants.
Number of reports accessed A measure of effort required to complete
the task and the effectiveness of the search
engines/ranking, i.e., the more reports
accessed, the more effort required and the
less effective the search engine/ranking.
From the system logs, an average number
of  reports accessed for each interface
across all tasks.
Direct comparison of the average number
of  reports. The lower the number accessed,
a  lower number indicates a lower effort
and therefore is more desirable.
Thematic analysis of
feedback
A reflection on the participants opinions on
the aspect of the interfaces/study that are
relevant to the task/results presented.
IBM Computer Usability Satisfaction
Questionnaire (CUSQ) questionnaire.
Key terms relating to the question/answer
were used to pair questions to user
comments ‘brake pads’ for example.
System usability The participant opinions about using the
system.
IBM Computer Usability Satisfaction
Questionnaire (CUSQ) questionnaire.
Summation of responses to questions 1-8
as  recommended within the IBM
guidelines for the questionnaire [45].
Interface quality The participant opinions about using the
quality.
IBM Com
Questionn
Table 5
The list of independent variables and their description.
Independent variable Description
Effect of learning A random question order was used such that
participants answered questions in a different random
order, and so, if there was an element of learning
during the study, its effect would be minimised.
Same search index
used across both
interfaces
Both interfaces use the same search index, effectively
meaning that is the same “query” were used in both
interfaces, the same results would be returned.
Presentation of results Both interfaces use a side-ways scroll and an image of
the front cover as a preview. Accessing report is done
via clicking on the image, hence, the presentation of
results is consistent across both interfaces and any
effect in how results are presented is also consistent
across interfaces.
Bias in the tasks Tasks presented in a random order and random
interface assignment to each task (a or b) and as such
any effect from bias in the tasks should be minimised
across the tasks.
Effect of
browser/operating
system
Participants were instructed to use the Chrome Web
browser and Window 7 or 10 used throughout. There
were no measures differences between performance
on Windows 7 or 10.
Other: bug fixing/user
interface changes
between groups,
network
performance.
Each group given a demonstration of both interfaces,
training and time for familiarisation in using both
interfaces. In addition to this, when analysing results,
outliers beyond two  standard deviation removed and
averages taken across all groups. Minimising and/or
eliminating the impact of resultant effects.puter Usability Satisfaction
aire (CUSQ) questionnaire.
Summation of responses to questions 9-12
as  recommended within the IBM
guidelines for the questionnaire. [45]
operating system. The final steps are a catch all for other variables,
such as bug fixes between studies for example. These include pro-
viding time for training and familiarisation as part of the study and
in how results were analysed: outliers beyond two standard devi-
ations were removed, results are averaged across all participants, a
Shapiro-Wilk test was used to determine whether a Paired T-Test
or Wilcoxon test was  used to calculate any differences between the
two user interfaces, and a probability-value of 0.05% was  used to
determine the significance of any difference. The purpose of all this
was to ensure that the observed differences could be attributed to
the model-based user interface.
5. Results
This section presents the results with respect to all questions,
demographics, user preferences, and usability and interface quality.
5.1. Effects on all measures across all study questions
Table 6 shows the four measures of total time, answers retrieved,
reports accessed and activity (searching/browsing) against each of
the study questions (Table 2) and the corresponding activity ID
(Table 1). These are followed by whether there is an increase (↑),
decrease (↓), no difference (–) in the model-based interface when
compared to the text-based interface, or whether the measures are
not comparable (×). Positive effects are coloured green and nega-
tive effects coloured red. These results show how, for the total time,
10 D. Jones, C. Snider, J. Matthews et al. / Computers in Industry 121 (2020) 103254
Table 6
A comparison the model-based interface against text-based interface mean measures across study questions.
Study question Activity ID Total time (S) Answer retrieved
(%)
Reports accessed
(number of)
Activity:
searching (% time)
Activity: browsing
(% time)
1 1 20.7 30.2 6 × ×
2  2, 8 – 17.5 6 22.3 –
3  13 – 23.8 2 16.1 –
4  5 – – 2 – 12.2
5 11, 4 – 25.9 8 10.1 12.3
6 6, 9, 3 38.8 39.3 14 × ×
7  10, 12 22.9 15.3 – × ×
8  14 – 8.3 6 19.5 –
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, Increase compared to text-based interface; ↓, Decrease compared to text-based in
he model-based interface was on two occasions quicker than the
ext-based interface, on two occasions slower and there was no sig-
ificant difference for the remaining five study questions. For the
nswers retrieved measure, using the model-based interface, partic-
pants were less likely to find an answer in seven of the nine study
uestions, more likely in one of the nine study questions and with
o difference in one of the nine study questions. The reports accessed
esults show that the participants accessed more reports on three
f the nine study questions, fewer reports on five of the nine study
uestions with no difference for one of the nine study questions.
n terms of activity, the results are spilt into time spent searching
nd browsing. There was no time spent navigating using the text-
ased interface and so no comparison can be made, results should
e interpreted with this additional activity in mind however. For
ime spent searching, for four of the five study questions, there was
ess time spent searching using the model-based interface com-
ared to the text-based interface. For time spent browsing, there
as a reduction in browsing time in two of the five study questions.
t no point was there an increase in either searching or brows-
ng using the model-based interface compared to the text-based
nterface.
Examining these in terms of the information seeking scenarios:
here is an increase in time for the analyse extend of damage, report
anufacture issue, and identify new knowledge from a seemingly
nconnected past case activities when comparing the model-based
nterface against the text-based interface. There is also a decrease
n time for the provide technical drawing, instruct on inspection meth-
ds, provide repair instructions, provide aerodynamics analysis, and
earch for similar incident activities when comparing the model-
ased interface to the text-based interface. In terms of total time,
here was no significant difference for the remaining activities. To
ummarise, there is a decrease in time for five of the 15 activities,
nd increase in three of the 15 activities and no difference in seven
f the 15 activities when comparing the model-based interface to
he text-based interface.When examining the success rate of the participants finding
nswers to study questions, participants were less likely to find an
nswer using the model-based interface in all but three activities.7 × ×
e; –, No difference; ×, Not comparable; Red, Negative effect; Green, Positive effect.
Participants were more likely to find an answer when performing
the provide information and approval for use of new material in repair
activities and there was no difference with the order item activity.
Using the model-based interface, participants accessed fewer
reports for eight of the 15 activities and more reports for five of the
15 activities compared to the text-based interface. The number of
reports accessed were the same for two of the activities.
Finally, in terms of the activity, participants spent less time
searching for six of the 15 activities and the same time in one
activity. Time spent browsing was reduced for three activities and
the same for three activities. There was only one occasion where
both searching and browsing times were lower. These are all when
comparing the model-based interface to the text-based interface.
Through inspection of Table 1 and the top four activities with the
highest frequency from the 240 reports analysed: these four activ-
ities (provide repair instructions, evaluate propose repair,  analyse
extent of damage, and approve repair)  correspond to approximately
95% of all the activities classified. Combining these with the results
in Table 6 it is shown that the activity with the highest frequency
had a reduction in total time, an increase in the answers retrieved and
a decrease in the number of reports accessed. The second and fourth
most frequently performed information seeking scenario showed
no difference in total time, and a reduction in the number of answers
retrieved and reports accessed. The third highest shows an increase
in time, a reduction in the answers retrieved, and an increase in the
reports accessed.
5.2. Demographics: FS experience and leadership
Fig. 8a shows the participants’ success rate in answering all study
questions broken down by their experience in Formula Student
from zero years to five years. The graph shows a linear correlation
between experience in Formula Student, and the likelihood of the
participant finding an answer using the model-based interface. At
zero years, average participants are only able to find a result 60% of
the time and this steadily rises to nearly 90% at five years. Equalling
the maximum level achieved by participants using the text-based
system. In contrast, the results for the text-based system start at
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Fig. 8. Answer success rate by Formula Student experience and associated linear
correlation statistics for both interfaces.
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Table 7
A list of themes and their descriptions, derived from participant feedback comments.
Theme Description Freq.
preference:
model-based
interface
Statement of preference for the
model-based interface
30
preference:  both at
once
Statement of preference for access to both
interfaces
14
Technical problems System or technical problems, the system
crashing for example
11
More time needed More time needed for familiarisation with
model-based interface
6
preference:  text
interface
Statement of preference for the text-based
interface
5
search problems Search engine not performing as expected 5ig. 9. Answer success rate by participant leadership role (a) or experience (b) for
oth interfaces.
he maximum of nearly 90% before dropping to just below 80% for
he most experienced participants.
The second finding relates to the study question answering suc-
ess rate and whether the participant is in a leadership role or
ot. Fig. 9a shows the mean success rate broken down by whether
he participant is in a leadership role, for both the model-based
nd text-based interfaces. The figure shows a success rate of over
0% for all those participants apart from those in a non-leadership
ole using the model-based interface where the success rate falls to
pproximately 60%. This aligns somewhat with the results shown
n Fig. 8a, which suggests that the more experienced a participant
s, the more likely they are too be in a leadership role. Fig. 9b shows
he results for participants split by their years of Formula Student
xperience (above (GT) and below (LT) 2.5 years). Comparing Fig. 9a
nd b directly shows the difference between the effect of leadership
gainst experience.
The most obvious difference between the two  Figures is that
hose with less experience are more likely to find information with
he model-based (Fig. 9b) interface than those who are not leaders
Fig. 9a). Given some participants are both leaders and have less
xperience, this indicates that both leadership and experience havetext  more familiar Text-based interface more familiar than
model-based interface
4
an influence on the ability to find an answer using the model-based
interface.
5.3. User feedback
The thematic analysis of questionnaire feedback comments
revealed a number of themes: technical problems, search problems,
text more familiar, need more time, preference and both at once.
Table 7 shows the list of themes identified and their descriptions.
Firstly, one cannot ignore the fact that some users had technical
problems (ID 1 in Table 7). The system re-set if the user pressed the
back-button or refreshed the page and most if not all of the reported
‘crashes’ were due to the participant accidentally performing one
of these actions. Other issues, such as text-boxes not clearing or the
search boxes not responding to numbers, were consistent between
the two interfaces and as such should not have had an effect on the
results presented.
Secondly, and categorised as search problems, the ranking
method employed, the TD-IDF weighting, was not always the most
useful measure to rank by (speaking to the wider difficulties in
developing successful enterprise-type search engines [8,10]). The
ranking method was the same for both interfaces and as such this
was mitigated against in the design.
The text more familiar category shows some participants noted
how the text-based interface was  more familiar (from life out-
side the study) and as such may  have had an advantage, this was
reflected in comments that stated the participant felt they would
improve with more time with the system (the need more time cate-
gory). The comments seem to suggest that the 15–20 min provided
at the beginning of the study was  adequate for some participants
but not for all participants. It is not possible to say how much of an
effect that this may  have had on the results presented. However, the
finding that those more experienced in Formula Student are more
likely to successfully answer questions does suggest that a longer
period of familiarisation would improve results and so repeating
the study after providing the system to participants over periods of
months could mitigate this.
In terms of the preference between the two  interfaces a far
greater number of positive comments in favour of the model-based
interface (30) compared to positive comments for the text-based
interface (5). Participants both understood the potential benefits of
the model-based interface in spite of any perceived short-comings
(e.g. system crashing, poor ranking) in the implementation or
search engine. A number of comments note how the system was
intuitive to use, with some noting how the model-based interface
made searching for information easier. The final category and relat-
ing to the preference,  both at once, show 14 participants would have
preferred to have access to both interfaces at the same time and be
free to switch between the two.
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.4. System usability and user interface quality
Fig. 10a shows the accumulated responses from CSUQ questions
 to 8 that are used to evaluate the system usage. The scores range
rom a positive response (1) to a negative response (7), with a not
pplicable (n/a) option. These results show a clear positive response
o using the model-based interface, with there being a peak at the
core of 2.
Fig. 10b shows the accumulated response from CSUQ questions
 to 12 that are used to evaluate the quality of the interface. Here,
here is a peak at the score of 3, however, most scores still sit on
he positive side of the scale, i.e. a score less than the half way point
n the scale (a score of 4). Combined, the two Figures show a posi-
ive response to the model-based interface in spite some perceived
ssues with the quality of the system.
. Discussion
Overall the results presented in this paper are mixed. Explor-
ng the key measure of time to complete each study question (see
able 6) across the nine pairs of study questions revealed four
howed significant differences: two in favour of the model-based
nterface and two in favour of the text-based interface. For the
emaining five study questions there was no significant difference.
his is an interesting finding given that the model-based interface
dds an additional and complex step to the search process (nav-
gating the three-dimensional model) and yet in most cases, this
oes not slow the search process. Where the participant activity
an be broken down into search, navigation and browsing, and the
esults allow a direct comparison of time spent performing each
tudy question, they show the time spent navigating reduces the
ime spent formulating search queries and occasionally some time
pent browsing.
The two largest differences in times, study questions SQ1
approximately 20 s in favour of the text-based interface) and study
uestion SQ6 (approximately 35 s in favour of the model-based
nterface), both had additional factors influencing the search. In
tudy question SQ1, one document is related to a specific compo-uters in Industry 121 (2020) 103254
nent and the other is a more general document relating to a Formula
Student racing car system. This highlighted how some users strug-
gled with the concept of how that second document is associated
with the model and this could have had a negative impact on the
model-based times which would not have been present in the text-
based times. With study question SQ6, the text-based method was
not capable of indexing drawings whereas the model-based inter-
face was. The number of reports accessed via the text-based interface
were also far higher with this study question than any other. The
35-s difference is then clearly down to the fact that users could
not find the relevant drawing using the text-based interface. The
fact that the model-based interface allows for the indexing and
finding of drawings has been highlighted as an affordance of the
model-based interface.
The participants’ ability to retrieve information was lower with
the model-based interface in seven of the nine study questions,
roughly the same in one study question and higher in the afore-
mentioned drawing study question. The results do however show
that factors of experience and role impacts the results with both
interfaces performing roughly equally at five years of experience
and for holding a leadership role, with an interesting element of
this being a trend between participant experience and difficulty in
finding answers. The reason for this is unclear with no explana-
tion being found within the results captured, however, literature
on how experts perform internet searches presented by Tabatabai
et al. [46] reported similar results in that experts did not perform
as well as expected, and those deem as having an intermediate
expertise performed better than expected. Tabatabai et al. specu-
lated that this could be due to the work presented by [47] on how, as
people become experts, their knowledge becomes more specialised
within a specific domain, where as those with less experience have
a more general knowledge about that domain, and that the ques-
tions ask were better suited to those with a more general rather
than specific domain expertise. This manner of gaining knowledge
mirrors the teaching approaches at many Universities, as students
begin with a general overview of the field before choosing to focus
in a particular areas. The questions asked in the work presented
here (Table 2) are also general in nature. If Tabatabai et al.’s specu-
lation is true, then it would appear that the model-based interface
overcomes the problem, however, without further research this is
still speculation.
6.1. Industrial implications
As previously stated, the results revealed that experience in
the Formula Student project and whether the participant is in
a leadership role impacts performance. This is likely due to the
participants’ familiarity with the model they see on-screen and
the understanding of the wider project – where components are
located within the car and the arrangement of components within
systems and subsystems. Returning to the Airbus use-case, the In-
Service department design repairs for in-service products and as
such, the engineers working in those departments are familiar with
the product and hence, should perform better than the students
used in this study. It can be said then that the results show that the
model-based interface is more suitable to products after the design
phase of the product life-cycle, where engineers are more familiar
with the product structure.
When combining the results with the list of Airbus Wing In-
Service activities and frequency (Table 1) the picture is mixed. If one
considers an improvement in information access and knowledge
discovery as a reduction in total time, an increase in the num-
ber of answers retrieved and a reduction in the number of reports
accessed, then the results show an improvement for the most fre-
quent question (provide repair instruction). However, the second
and fourth most frequent activities show no difference in total time,
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 reduction in answers retrieved and a reduction in the number of
eports accessed and the third highest activity shows an increase
n time, a reduction in answers retrieved and an increase in the
umber of reports accessed. So on this analysis, the picture is again
ixed.
There were a number of comments that describe the model-
ased interface as intuitive, simple and easy to use and that
t aided and supported the finding of information. This was
eflected in the responses to the scores submitted in response
o the system usage. Alongside this, and on a more cautious
ote, in terms of a day-to-day implementation, participants also
ommented that they would prefer both systems side-by-side.
hile participants enjoy using the model-based interface, there
s a learning curve associated with both familiarisation with the
roject as well as the model-based interface. Providing both forms
n interface mitigates this and the expectations would be that
ver time, users would naturally migrate to the model-based
nterface.
. Conclusion
Work in the area of improving Intranet/enterprise search is
n-going however, one area of the problem space that has not
eceived much academic consideration is the form of the interface
nd opportunities to create interfaces that capitalise on the visual
nd functional nature of how engineers think and the engineering
rocess. This paper addresses this gap by building on model-based
pproaches to engineering and developing and evaluating a model-
ased information navigation system.
In an A-B test with a traditional text-based search engine,
nd using study questions derived from real-world information-
eeking scenarios based on the activities of a world leading aircraft
anufacturer, the results presented in this paper suggest that in
nswer to whether a model-based interface improves engineering
nformation retrieval:
there is no significant difference in time to complete a search in
spite of the addition of a new stage in the search process;
the system structure of the model-based interface allows for non-
text based documents to be indexed, making up for the inherent
limitations in traditional text-based search;
participants unfamiliar to the product (structure) will be less
likely to find answers than those who are familiar with the prod-
uct;uters in Industry 121 (2020) 103254 13
• participants who  are managers or hold more senior technical
roles are more likely to find information that those who are not
leaders; and,
• participants enjoy using the model-based interface and find it
intuitive, easy and simple to use.
However, the concept would benefit from wider and longer term
study to overcome the fact that most users are highly familiar with
text-based search engines and any alternative requires a change
in mental models and practice. Based on the results presented
here, the main recommendation of this work is that, in practice,
both a traditional text-based and a model-based system should
be provided side-by-side; allowing the user to determine which
they prefer for any given information seeking scenario and thereby
leveraging the affordances of each.
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Appendix A. User journeys
A.1 Text-based search engine
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